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This express request to begin national examination procedures (35 U.S.C. §371(0) at any time rather than delay examination until the 
expiration of the applicable time limit set in 35 U.S C. §371(b) and PCT Articles 22 and 39(1). 

4. H A proper Demand for International Preliminary Examination was made by the 19 th month from the earliest claimed priority date 

5. HI A copy of the International Application as filed (35 U.S.C. §37 1(c)(2)) 

a. D is transmitted herewith (required only if not transmitted by the International Bureau). 

b. H has been transmitted by the International Bureau 

r* v c. 0 is not required, as the application was filed in the United States Receiving Office (RO/US). 



□ 



A translation of the International Application into English (35 U S.C. §37 1(c)(2)). 

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. §37 1(c)(3)) 

a. are transmitted herewith (required only if not transmitted by the International Bureau) 
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The following fees are submitted: 

BASIC NATIONAL FEE ( 37 CFR §1.492 (a) (1) - (5)): 

Search Report has been prepared by the EPO or JPO 

International preliminary examination fee paid to USPTO (37 CFR §1.482) 

No international preliminary examination fee paid to USPTO (37 CFR §1.482) 
but international search fee paid to USPTO (37 CFR § 1 .445(a)(2)) 



CALCULATIONS 



PTO USE ONLY 



Neither international preliminary examination fee (37 CFR §1 482) nor 
international search fee (37 CFR §1 .445(a)(2)) paid to USPTO 



$890.00 
$710.00 

$740.00 

$1040.00 



International preliminary examination fee paid to USPTO (37 CFR §1.482) 
and all claims satisfied provisions of PCT Article 33(2)-(4) 



$100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



$890.00 



Surcharge of $130.00 for furnishing the oath or declaration later than 
months from the earliest claimed priority date (37 C.F.R. §1 492(e)). 



20 



□ 



30 



CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total claims 
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$ 18.00 



$0.00 



Independent claims 



3 = 
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S 84.00 



$0.00 



MULTIPLE DEPENDENT CLAIM(S) (if applicable) 



S 280.00 



TOTAL OF ABOVE CALCULATIONS = 
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Reduction of 1/2 for filing by small entity, if applicable. A Verified Small Entity Statement must also be 
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TOTAL NATIONAL FEE 



$890.00 
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an appropriate cover sheet (37 C.F.R. §§3.28, 3.31). $40.00 per property. 
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NOTE: Where an appropriate time limit under 37 C.F.R. §§1.494 or 1.495 has not been met, a petition to 
revive (37 C.F.R. §1. 137(a) or (b)) must be filed and granted to restore the application to pending status. 
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Docket No. SCH 1867 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



IN RE APPLICATION OF: NEEF, Gunter, et al GAU: 
SERIAL NO: 10/031,198 EXAMINER: 
FILING DATE: 1 5 JANUARY 2002 

FOR: NOVEL C-19-HALOGEN-SUBSTITUTED STEROIDS OF THE ANDROST-9(l 1)-ENE-SERIES, 

METHODS FOR THE PRODUCTION AND USE THEREOF 

AMENDMENT TRANSMITTAL 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Transmitted herewith is an amendment in the above-identified application. 

□ No additional fee is required. 

□ Applicant(s) is/are entitled to small entity status. 
E Additional documents filed herewith: 



The fee has been calculated below: 



CLAIMS 


CLAIMS 
REMAINING 




HIGHEST NO. 
PREVIOUSLY PAID 
FOR 


NO. OF EXTRA 
CLAIMS 


RATE 


CALCULATIONS 


TOTAL 


23 


MINUS 


20 


3 


X 


$18 = 


$54.00 


INDEPENDENT 


4 


MINUS 


3 


1 


X 


$84 = 


$84.00 




□ 


MULTIPLE DEPENDENT CLAIMS 












TOTAL OF ABOVE CALCULATIONS 


$0.00 


... 


□ 




□ 


REDUCTION BY 50% FOR FILING BY SMALL ENTITY 






$0.00 




□ 


RECORDATION OF ASSIGNMENT 




1 + 


$40 = 


, $0.00 




TOTAL 


$138.00 



□ A check in the amount of $138.00 is attached. 



M Please charge any additional fees for the papers being filed herewith and for which no check is enclosed herewith, or 

credit any overpayment to Deposit Account No 1 3-3402 A duplicate copy of this sheet is enclosed. 

^ If these papers are not considered timely filed by the Patent and Trademark Office, then a petition is hereby made under 

37 C.F.R. § 1.136, and any additional fees required under 37 C.F.R. § 1.36 for any necessary extension of time maybe 
charged to Deposit Account No. 13-3402. A duplicate copy of this sheet is enclosed. 
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Attorney/Agent for Applicants 



o. 27,969 



MILLEN, WHITE, ZELANO 

& BRANIGAN, P C 
Arlington Courthouse Plaza 1 
2200 Clarendon Blvd. Suite 1400 
Arlington, Virginia 22201 
Telephone: (703) 243-6333 
Facsimile: (703)243-6410 
Date: 2 JULY 2002 



1 



: MRlB&^^u 2002 



IN THE UNITED STATES DESIGNATED/ELECTED OFFICE 



International Application No 



PCT/DE00/02390 



International Filing Date 



17 JULY 2000 



Priority Date(s) Claimed 



15 JULY 1999 



Applicant(s) (DO/EO/US) 



NEEF, Gunter, et al 



Title: NOVEL C-19-HALOGEN-SUBSTITUTED STEROIDS OF THE ANDROST-9(l 1)-ENE- 
SERIES, METHODS FOR THE PRODUCTION AND USE THEREOF 



Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

Prior to calculating the national fee, and prior to examination in the National Phase of the 
above-identified International application, please amend as follows: 
IN THE CLAIMS: 

3 . (Amended) 1 7P-Hydroxy- 1 9-halogen-androsta-4,9( 1 1 )-dien-3-ones according to 
claim 1 , characterized by 

1 7p-Hydroxy- 1 9-iodo-androsta-4,9( 1 1 )-dien-3-one, 
17p-Hydroxy-19- 125 iodo-androsta-4,9(l l)-dien-3-one or 
19-Bromo-17P-hydroxy-androsta-4,9(l l)-dien-3-one. 

4. (Amended) Process for the production of 17p-hydroxy-19-halogen-androsta-4,9(l 1)- 
dien-3-ones of general formula I according to claim 1, wherein starting from 3,3-(2,2-dimethyl- 
trimethylenedioxy)- 1 0p-formyl-androst-9( 1 1 )-ene-5a, 1 7P-diol 

a) The C- 1 7p~hydroxy group is protected by silylation, 



PRELIMINARY AMENDMENT 



b) The lOp-formyl group is reduced to the C-19-hydroxy compound, 

c) The thus produced 17p-silylated-3,3-(2,2-dimethyl-trimethylenedioxy)-androst- 
9(1 l)-ene-5a,19-diol is reacted with elementary halogen or radiohalogen, selected 
from Br or I, to form 17p-silylated-3,3-(2,2-dimethyl-trimethylenedioxy)-19- 
halogen-androst-9(l l)-en-5a-ol, 

d) Water is cleaved off, and 

e) The thus produced isomer mixture that consists of 1 7p-silylated-3,3-(2,2- 
dimethyl-trimethylenedioxy)-19-halogen-androsta-5,9(l l)-diene and 17p~ 
silylated-3,3-(2,2-dimethyl-trimethylenedioxy)-19-halogen-androsta-4,9(l l)-diene 
is mixed with a strong protonic acid for the formation of target compounds I. 

6. (Amended) Process according to claim 4, wherein the halogen or radiohalgen is added 
in a small excess. 

7. (Amended) Process according to claim 4, wherein the dehydration is carried out under 
standard conditions, preferably with thionyl chloride/pyridine. 

8. (Amended) Process according to claim 4, wherein trifluoroacetic acid, sulfuric acid or 
methanesulfonic acid is used as a strong protonic acid. 

9. (Amended) Use of the compounds of general formula I according to claim 1 as a 
diagnostic agent. 

1 1 . (Amended) Use of the non-labeled compounds of general formula I according to 
claim 1 as starting products for the production of 5p-substituted androst-9(ll)-enes of general 
formula II with radical R in the meaning of: R = -(CH 2 ) n -CH 2 -R 1 , -(CH 2 ) n -CH 2 -OR 1 , -(CH 2 ) n - 
CIVOCOR 1 , -(CH 2 ) n -CH 2 -SR 1 , -(CH^-Ct^-NR^ 2 , -(CH 2 ) n -CHO, -(CH 2 ) n -CN, in which n can 



assume the values of 0-5, and radicals R 1 and R 2 , independently of one another, stand for 
hydrogen or a straight-chain or branched, saturated or unsaturated hydrocarbon radical with up to 
1 8 C atoms, whereby this radical optionally can contain additional functional groups and 
carbocyclic or heterocyclic ring elements. 

15. (Amended) Use of the non-labeled compounds of general formula I according to 
claim 1 as starting products for the production of 6p,19-cycloandrostadienes of general formula 
III, in which X = O or the grouping 17(^OR, 17a-H, with R in the meaning of H, Cl-ClO-alkyl, 
Cl-ClO-acyl, whereby the acyl radical is derived from an aliphatic or aromatic carboxylic acid. 




Ill 



19. (Amended) Process according to claim 17, wherein the base treatment is carried out in an 
aprotic solvent. 



REMARKS 



The purpose of this Preliminary Amendment is to eliminate multiple dependent claims in 
order to avoid the additional fee. Applicants reserve the right to reintroduce claims to canceled 
combined subject matter. 

Attached hereto is a marked-up version of the changes made to the claims by the current 



amendment. The attached pages are captioned "Version With Markings to Show Changes 
Made". 
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Attorney Docket No.:SCH-1867 

Date:2 JULY 2002 



Respectfully submitted, 




Anthonj^j/Zelano, Reg. No. 27,969 
Attorney for Applicants 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 



3. (Amended) 17P-Hydroxy-19-halogen-androsta-4,9(l l)-dien-3-ones according to one 
of claims 1 or 2, claim 1 a characterized by 

1 7p~Hydroxy- 1 9-iodo-androsta-4,9( 1 1 )-dien-3-one, 
17p-Hydroxy-19- 125 iodo-androsta-4,9(l l)-dien-3-one or 
1 9-Bromo- 1 7P-hydroxy-androsta-4,9( 1 1 )-dien-3 -one. 

4. (Amended) Process for the production of 17P-hydroxy-19-halogen-androsta-4,9(l 1)- 
dien-3-ones of general formula I according to one of claims 1 to 3 x laim L wherein starting from 
33"(2,2-dimethyl-trimethylenedioxy)-10p-formyl-androst-9(ll)-ene-5a,17P-diol 

a) The C- 1 7p-hydroxy group is protected by silylation, 

b) The 10p-formyl group is reduced to the C-19-hydroxy compound, 

c) The thus produced 17p-silylated-3,3-(2,2-dimethyl-trimethylenedioxy)-androst- 
9(1 l)-ene-5a,19-diol is reacted with elementary halogen or radiohalogen, selected 
from Br or I, to form 17p-silylated-3,3-(2,2-dimethyl-trimethylenedioxy)-19- 
halogen-androst-9(l l)-en-5a-ol, 

d) Water is cleaved off, and 

e) The thus produced isomer mixture that consists of 17p-silylated-3,3-(2,2- 
dimethyl-trimethylenedioxy)-19-halogen-androsta-5,9(l l)-diene and 17P- 
silylated-3,3-(2,2-dimethyl-trimethylenedioxy)-19-halogen-androsta-4,9(ll)-diene 
is mixed with a strong protonic acid for the formation of target compounds I. 



6. (Amended) Process according to claim 4 or 5 , wherein the halogen or radiohalgen is 
added in a small excess. 

7. (Amended) Process according to one of claims 4 to 6, claim 4. wherein the 
dehydration is carried out under standard conditions, preferably with thionyl chloride/pyridine. 

8. (Amended) Process according to one of claims A to 7, claim 4. wherein trifluoroacetic 
acid, sulfuric acid or methanesulfonic acid is used as a strong protonic acid. 

9. (Amended) Use of the compounds of general formula I according to one of claims 1 
te- ^claim 1 as a diagnostic agent. 

1 1 . (Amended) Use of the non-labeled compounds of general formula I according to one 
of c la ims 1 to 3 claim 1 as starting products for the production of 5p-substituted androst-9(l 1)- 
enes of general formula II with radical R in the meaning of: R = -(CH2) n -CH 2 -R 1 , -(CH 2 ) n -CH 2 - 
OR 1 , -(CH 2 ) n -CH 2 -OCOR l , -(CH 2 ) n -CH 2 -SR 1 , -(CH^n-CI^-NR'R 2 , -(CH 2 ) n -CHO, -(CH 2 ) n -CN, 
in which n can assume the values of 0-5, and radicals R 1 and R 2 , independently of one another, 
stand for hydrogen or a straight-chain or branched, saturated or unsaturated hydrocarbon radical 
with up to 18 C atoms, whereby this radical optionally can contain additional functional groups 
and carbocyclic or heterocyclic ring elements. 

15. (Amended) Use of the non-labeled compounds of general formula I according to efte 
of claims 1 to 3 claim 1 as starting products for the production of 6p,19-cycloandrostadienes of 
general formula III, in which X-Oor the grouping 17^-OR, 17a-H, with R in the meaning of H, 
Cl-ClO-alkyl, Cl-ClO-acyl, whereby the acyl radical is derived from an aliphatic or aromatic 
carboxylic acid. 
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19. (Amended) Process according to claim 17 or 18 , wherein the base treatment is carried 
out in an aprotic solvent. 
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(I) 



(57) Abstract: The invention relates to new C- 19 -halogen- 
substituted steroids of the androst-9 (11) -ene series, namely 17S- 
hydroxy-19-halogen-androsta-4 , 9 (11) -dien-3 -ones of general 
formula (I) and process for their production. In addition, the 
use of new radiohalogen- labeled compounds of Formula (I) as 
radiopharmaceutical agents is the subject of the invention as 
well as the use of non-labeled compounds of Formula (I) as 
starting products for the production of new biologically active 
Bfi-substituted androst-9 (11) -enes of general formula (II) and the 
new 6E, 19 -cycloandrostadienes of Formula (III) as well as 
processes for their production and their use. 



WO 01/05805 

New C- 19 -Halogen-Substituted Steroids of the Androst-9 (11) -e ne 
Series, Process for their Production as well as their Use 



The invention relates to new C-19-halogen-substituted 
steroids of the androst-9 (11) -ene series, namely 17£-hydroxy- 19- 
halogen-androsta-4 , 9 (11) -dien-3-ones of general formula I, and 
process for their production. In addition, the use of the new 
radiohalogen- labeled compounds of Formula I as radio- 
pharmaceutical agents is the subject of the invention. These 
compounds can be used especially preferably in diagnostic studies 
of the prostate. 

Moreover, the invention relates to the use of non-labeled 
compounds of Formula I as starting products for the production of 
new biologically active 5£-substituted androst-9 (11) -enes of 
general formula II and the new 6fi, 19-cycloandrosta-4 , 9 (11) -dienes 
of Formula III as well as processes for their production and use. 

The basic attempt to develop diagnostically and 
therapeutically usable agents by radioactive labeling of 
testosterone ( 17£-hydroxyandrost -4 -en- 3 -one) is known in the 
literature (S. J. Brandes and J. E. Kat zenellenbogen, Nucl. Med. 
Biol. 15, 53-67, 1988) . The previously used testosterone 
derivatives have not been introduced into clinical practice, 
however, in particular because of insufficient tissue selectivity 
and metabolic instability. 
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The object of this invention was therefore to find new 
compounds that are better suited for radiodiagnost ic processes. 

New 17E-hydroxy-19-halogen-androsta-4,9 (11) -dien-3-dnes of 
general formula I were found that are distinguished by a 
surprisingly high affinity to the androgen receptor 
Formula I 




I 

in which 

X = a halogen or radiohalogen radical, preferably Br, I, 
125 1 , 131 1 , 82 Br or 77 Br. 

The compound 17S-hydroxy- 19 - 125 iodo-androsta-4 , 9 ( 11 ) -dien-3 - 
one represents a preferred radiopharmaceutical agent. The 
compounds 17£-hydroxy-19-iodo-androsta-4 , 9 ( 11) -dien-3 -one and 19- 
bromo-17£-hydroxy-androsta-4, 9 (11) -dien-3-one also show a high 
affinity to the androgen receptor. 

The new compounds of general formula I are suitable in 
particular in the form of the radiohalogen- labeled derivatives 
for diagnostic use, preferably for graphic visualization of the 
prostate and for early detection of pathophysiological changes 
thereof . 

The compounds according to the invention are distinguished 
from known derivatives of testosterone (J. N. Wright et al . , J. 
Chem. Soc. Perkin/1989 , 1647-1655) by a 9 (11) -double bond. This 
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structural element opens up the possibility of introducing a 
functional group at C-19 by a process that is advantageously 
distinguished from the standard methods for f unctionalizing a C- 
19-methyl group (J. Kalvoda et al . , Helv, Chim. Acta 46, 1361, 
1963 and M. Akhtar and D. H. R. Barton, J. Am. Chem. Soc. 88, 
1528, 1964) . 

The production of the 17£-hydroxy- 19 -halogen- androsta- 
4 , 9 (11) -dien-3 -ones of general formula I according to the 
invention is carried out according to claim 4, and dependent 
claims 5 to 8 are preferred variants. 

Diagram 1 below shows the synthesis methods according to the 
invention in the example of 17£-hydroxy-19-iodo-androsta-4 , 9 (11) - 
dien-3 -one . 

Diagram 1 
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The starting material is aldehyde 1 that is known in the 
literature (3,3- (2 , 2 -dimethyl -trimethylenedioxy) -10£-formyl- 
androst-9 (11) -ene-5or, 17fi-diol G. Neef et al . , Tetrahedron 49, 
833-840, 1993), which was used for the production of C-19-iodide 
7 . 




Surprisingly enough, however, the known compound 7 is not 
suitable for the production of an end product of Formula I 
according to the invention. Under the conditions of the usual 
deketalization/dehydration as well as the subsequent ester 
saponification at C-17, the C-19-iodine substitution is not 
maintained . 

Only the process that is outlined in Diagram 1 ensures the 
production of the end products in high yields and purity and 
allows for the synthesis of the target compounds of general 
formula I . 

In a first step of the process according to the invention, 
first the C- 17£-hydroxy group is protected by silylation with the 
formation of intermediate product 2. With hydride -transferring 
reagents, such as, e.g., with sodium borohydride or lithium 



aluminum hydride, compound 2 is reduced to alcohol 3 in a way 
that is common in the art. Under conditions described by Neef et 
al. (Tetrahedron 49, 833, 1993), alcohol 3 is then further 
reacted to form iodide 4, whereby only a slight excess of 
elementary iodine must be used for reaction. Especially when the 
process is carried out with transfer of the reaction sequence to 
radiolabeled end compounds, this can be regarded as a special 
advantage . 

Although conceivable in principle, iodide 4 cannot be 
converted directly into end product 6 of general formula I by 
treatment with acid in a one-stage process. Having the process 
according to the invention proceed in steps is essential to the 
success of the process . 

First, under standard conditions (e.g., with thionyl 
chloride/pyridine) , dehydration is performed, which results in 
the formation of a mixture of double-bond isomers 5a and 5b. In 
a separate subsequent step, mixture 5a, b is then converted 
smoothly into target compound 6 (Formula I with X = I) without 
prior separation. This final synthesis step, which contains the 
cleavage of the 3-ketal grouping and the silyl ether cleavage at 
C-17S, is preferably performed with a strong protonic acid such 
as trif luoroacetic acid or sulfuric acid. 

The synthesis that is shown in the example of iodine for 
radical X of general formula I is also performed analogously for 
the production of bromide or the radiolabeled halides. 

By the use of almost stoichiometric amounts of halogens, in 
particular when using radiohalogens , the process according to the 



invention is not only economical and environmentally safe, but it 
also makes possible the production of end compounds with high 
specific activity . 

The substances of general formula I bind with high affinity 
to the androgen receptor despite a voluminous halogen substituent 
at the C-19 position. 

Because of their biochemical and pharmacokinetic properties, 
the compounds according to the invention are extremely well 
suited for use in diagnostic processes. 

Thus, e.g., iodide 6 (Formula I, X = I) with an IC 50 value 
of 57 nmol/1 shows a slight weakening of the binding affinity in 
comparison to the reference standard ( 3 H-methyltrienolone R 
1881) , but it remains in an order of magnitude that shows a large 
degree of specific binding to the human androgen receptor in the 
prostate tissue . 

The graphic visualization of the prostate requires, however, 
not only a large degree of specific binding, but it also requires 
little or almost no binding to transport proteins in the serum 
(S. J. Brandes and J. E. Katzenellenbogen, Nucl. Med, Biol. 15, 
53-67, 1988) . Decisive serum protein for the transport of 
androgens is SHBG (steroid hormone binding globulin). The SHBG 
affinity of iodide 6 compared to the standard DHT (5a- 
dihydrotestosterone) is reduced by a factor of 197. Thus, 
another requirement for the contrast -rich imaging of androgen- 
receptor-containing tissue is met. 

The subject of the invention is therefore also the use of 
the compounds of general formula I as a diagnostic agent 



according to claims 9 and 10. A preferred use is carried out for 
graphic visualization of the prostate and for early detection of 
pathophysiological changes thereof . 

In addition to the use for diagnostic purposes, the non- 
labeled compounds of Formula I according to the invention are 
also valuable starting products for the production of new, 
unusual substituted steroids according to claim 11. 

The silylation of the 17£-hydroxy group of the C- 19 -halogen- 
substituted steroids of the androst - 9 ( 11) -ene series according to 
the invention thus results in a 17S-silyl ether of general 
formula la 




O-silyl group 



la 

in which X = halogen, selected from Br, I, and which represents 
an important intermediate product for the further synthesis in a 
so-called tandem process to the new compounds of general formula 
II. Moreover, the intermediate products of formula la are used 
for the production of the new 6E, 19-cycloandrosta-4 , 9 ( 11) -dienes 
of general formula III. 

Shown in the example of 17S- (tert-butyltrimethylsilyloxy) - 
19-iodo-androsta-4, 9 (11) -dien-3-one 8, the reaction with 
mercaptoacetic acid methyl ester in the presence of a suitable 
base thus results in the formation of a thia-bridged derivative 
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9. Starting products can also be the other non-labeled 17S- 
silylated C-19 -halogen derivatives. 



In this way, the functional group at C-19 is used to achieve 
a C-C linkage with the tertiary position C-5. Of course, the 
stereoselective introduction of functional groups in the 
tertiary positions of the steroid skeleton is a problem of 
preparative chemistry, for which general solutions are not 
available. Thus, specifically the introduction of a 5E-methyl 
group by reaction of testosterone with organometallic reagents is 
known (e.g., C. Petrier et al . , Tetrahedron Lett. 25, 3463, 
1984) , but is not suitable for the introduction of higher alkyl 
substituents or functionally substituted alkyl groups. 

Thia-bridged derivative 9 is then reacted to form compounds 
of general formula II 




a 



6 



a 



HO 




II 



with a radical R in the meaning of: 

R= - (CH 2 ) n -CH 2 -R\ - (CH 2 ) n -CH 2 -OR 1 # - (CH 2 ) ^CH.-OCOR 1 , -(CH 2 ) n ~ 
CH 2 ~ SR 1 , - (CH 2 ) n -CH 2 -NR 1 R 2 / -(CH 2 ) n -CHO, -(CH 2 ) n -CN 

in which n can assume the values of 0-5, and radicals R 1 and R 2 , 
independently of one another, stand for hydrogen or a straight - 
chain or branched, saturated or unsaturated hydrocarbon radical 
with up to 18 C atoms, whereby this radical optionally can 
contain additional functional groups and carbocyclic or 
heterocyclic ring elements. 

According to the empirical findings from the normal series 
(9 (11) -saturated) described in the literature, the result of the 
reaction of silylated halide la, e.g., iodide 8, with 
mercaptoacetic acid methyl ester was not predictable. As 
described by Halpern et al . (Steroids 4, 1-30, 1964), Santaniello 
and Caspi (J. Steroid Biochem. 7, 223-227, 1976) and Wright et 
al. (J. Chem. Soc • Perkin Trans. I, 1989, 1647-1655), the 
nucleophilic substitution at C-19 in the presence of the 3-oxo-4- 
ene structural element is extremely hampered and mainly results 
in skeletal restructuring. 

All the more surprising is the smooth course of the reaction 
of a compound of Formula la thia-bridged derivative 9, which 
can be interpreted mechanistically as a nucleophilic halogen- 
sulfur exchange with subsequent Michael addition (tandem 
process) . 
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Diagram 2 illustrates a synthesis method by way of example: 
Diagram 2 




The process that is described by Diagram 2 offers a number 
of possibilities for producing derivatives of general formula II. 
It is obvious that, e.g., intermediate products 13 and 14 produce 



an abundance of compounds for the production of such new 
steroids . 

The compounds of general formula II are a new class of 
antiandrogenically active steroids and thus are suitable for the 
treatment of androgen-dependent diseases (prostate carcinoma, 
prostate hyperplasia) . 

The subjects of the invention are therefore also the 
compounds of general formula II according to claim 12, process 
for their production according to claim 13 and their use 
according to claim 14 . 

The new compounds of general formula III are produced 
according to claim 17 from the 17£-silyl ether of general formula 
la. 

The treatment of silylated iodide 8 of general formula la 
with a non-nucleophilic base (e.g., sodium hydride, 
triethylamine , fluoride) in an aprotic solvent (e.g., THF, DMF) 
results in the formation of cyclosteroid 18 . 




8 18 
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After conventional silyl ether cleavage ( tetrabutylammonium 
fluoride), the new testosterone derivative 19, the 17£-hydroxy- 
6£, 19-cycloandrosta-4, 9 (11) -dien-3-one, is produced. By standard 



processes (esterif ication, etherif ication, oxidation) , 19 is 
converted in a simple way into additional compounds of general 
formula III, which are distinguished by aromatase- and 5a- 
reductase inhibiting action. 

The subjects of the invention are consequently also the new 
6fi, 19-cycloandrostadienes of formula III of claim 16, as well as 
processes for their production and their use according to claim 
21 . 




II! 

in which 

X = O or the grouping 17S-OR, I7a-H, with R in the meaning 
of H, Cl-ClO-alkyl, Cl-ClO-acyl, whereby the acyl radical is 
derived from an aliphatic or aromatic carboxylic acid. 

In addition, the subjects of the invention are the 176-silyl 
ether of general formula la, which are produced as intermediate 
products from the compounds of general formula I according to the 
invention and common starting products for the new 5£-substituted 
steroids of general formula II and the 6fi, 19-cycloandrostadienes 
of Formula III. 



The invention also includes pharmaceutical agents according 
to claim 24, which as active components contain at least one 
compound of general formula I, II and/or III. 

The examples below are to explain the invention in more 
detail, without limiting the latter thereto. 



j, k i $3 :;s j\ . ii *s s? . o Or? o > * 

14 

Example 1: 17fi -Hydroxy- 19 - iodo-androsta- 4 , 9 (11) -dien-3-one 

a. 17S- (tert-Butyldimethylsilyloxy) -3 , 3- (2 , 2-dimethyl- 
trimethylenedioxy) -lOS-f ormyl-androst - 9 (11) -en-5or-ol (2.) 
A solution of 5 . 0 g (12.4 mmol) of 3 , 3 - (2 , 2 -dimethyl - 

trimethylenedioxy) -10£-f ormyl-androst -9 (11) -ene-5a, 17£-diol is 
stirred after the addition of 3.43 g (50.4 mmol) of imidazole and 
4. 4 6 ml (14.7 mmol) of a 3 . 3 M solution of tert- 
butyldimethylchlorosilane in hexane for 16 hours at room 
temperature. For working-up, it is diluted with water and 
extracted with ethyl acetate. After chromatography on silica gel 
with hexane/ethyl acetate 1:9, 5.60 g (87.0% of theory) of the 
silyl ether is obtained with a melting point of 168-170°C 
(hexane), [or] D -179.3° (CHC1 3 , c « 0.5). 1 H-NMR (CDC1 3 , 300 MHz): 
5 = 0.61 ppm (s, 3H, H -18); 0.87 (s, 9H, Si-tBu) ; 0.93 and 0.94 
(2s; 3H, ketal-Me each); 3.63 (t , J = 8 Hz, 1H, H-17) ; 4.45 (s, 
1H, OH); 5.62 (m, 1H, H-ll) ; 9.07 (s, 1H, CHO) . 

b . 17E- (tert-Butyldimethylsilyloxy) -3,3- (2 , 2 -dimethyl - 
trimethylenedioxy) -androst-9 (11) -ene-Sce, 19-diol (3_) 

A solution of 2.58 g (4.97 mmol) of the product, obtained 
under a., in 2 6 ml of THF and 2 6 ml of methanol is mixed at 0°C 
with 211 mg (5.57 mmol) of sodium borohydride, and it is stirred 
for 1.5 hours at 0°C. After the addition of 105 mg (2.78 mmol) 
of NaBH 4 was again performed, it is stirred for another 75 
minutes at 0°C, the reaction mixture was then stirred into ice 
water and extracted with ethyl acetate. The crystalline crude 
product (2.46 g, 95% of theory) is used without further 
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purification in the next step. 1 N-NMR (CDC1 3 , 300 MHz): 5 = 
0.67 ppm (s, 3H, H-18); 0.87 (s, 9H, Si-tBu) ; 0.93 and 0.99 (2s ; 
3H, ketal-Me each); 3.41-3.73 (m, 7H, CH 2 OH, CH 2 0, H-17); 4.51 
(s, 1H, 5a-OH) ; 5.45 (d, J = 7.5 Hz, 1H, H -11). 

c . 17S- ( tert-Butyldimethylsilyloxy) -3,3- (2 , 2 -dimethyl - 

trimethylenedioxy) -19-iodo-androst-9 (11) -en-5or-ol (4) 
20.72 g (79.0 mmol) of triphenylphosphine and 5.38 g (79.0 
mmol) of imidazole are added at room temperature to a solution of 
16.0 7 g (30.9 mmol) of the alcohol, produced according to Example 
lb, in 225 ml of THF . While being cooled with ice water, 10.03 g 
(39.5 mmol) of iodine is then added in portions over about 5 
minutes to the reaction mixture and then stirred for 1.5 hours at 
ambient temperature (23°C) . For working-up, the reaction 
solution is poured into about 2 1 of a 5% aqueous sodium 
thiosulfate solution, which was cooled to +5°C and extracted with 
ethyl acetate . After chromatography of the crude product on 
silica gel with hexane/ethyl acetate 9:1, 17 . 0 g (87.2% of 
theory) of the iodide is obtained as a colorless oil . '•h-NMR 
(CDC1 3 , 300 MHz): 5 = 0.80 ppm (s, 3H, H-18); 0.88 (s, 9H, Si- 
tBu); 0.92 and 2.00 (2s; 3H, ketal-Me each); 3.41-3.74 (m, 7H, 
CH 2 I, CH 2 0, H-17); 4.50 (s, 1H, Sa-OK) ; 5.30 (d, J = 7.5 Hz, 1H, 
H-ll) . 



16 



d) 17S- (tert-Butyldimethylsilyloxy) -3 , 3 - (2 , 2- 

dimethyltrimethylenedioxy) -19-iodo-androsta-5 , 9 (11) -diene 
(5a) and 17£- ( tert -butyldimethylsilyloxy) -3,3 - (2 , 2 -dimethyl - 
trimethylenedioxy) -19-iodo-androsta-4 , 9 (11) -diene ( 5b ) 
The product that is obtained under Example lc (16.95 g, 26.9 
mmol) is dissolved in 85 ml of pyridine. While being cooled with 
ice water, 3.91 ml (53.8 mmol) of thionyl chloride is added in 
drops over about 15 minutes and stirred for 45 more minutes while 
being cooled with ice water. The thus produced yellow suspension 
is stirred into about 1 1 of a mixture that consists of saturated 
common salt solution (5 00 ml) and saturated NaHC0 3 solution and 
extracted with ethyl acetate. The crude product that is obtained 
after the EE extracts are dried on Na 2 S0 4 and concentrated by 
evaporation is taken up several times in toluene for the removal 
of pyridine radicals and concentrated by evaporation in a vacuum. 
In this way, 14.85 g of a crude mixture of the isomeric 
dehydration products, which is used without further purification 
in the subsequent reaction, is obtained. 

e. 17£-Hydroxy-l9-iodo-androsta-4 , 9 (11) -dien-3 -one (6) 

A solution of 14.85 g (24.3 mmol) of the isomer mixture in 
325 ml of dichloromethane and 32 ml of water that is obtained 
under Id is stirred for 4 hours at room temperature after 64.6 ml 
(870 mmol) of trif luoroacet ic acid is added. Then, it is diluted 
with 20 0 ml of dichloromethane, washed with saturated common salt 
solution and NaHC0 3 solution, dried on sodium sulfate and 
concentrated by evaporation. The crude product is 



chroma tographed on silica gel with hexane/ethyl acetate 1:1, and 
after recrystallization of the main product from diisopropyl 
ether/ethyl acetate, it yields 6.62 g (66.1% of theory) of the 
title compound with a melting point of 146°C (decomposition) , 

[Of] 0 " -2.0° (CHC1 3 , c = 0.510). 1 H-NMR (CDC1 3 , 300 MHz): 6 = 0.87 
ppm (s, 3H, H-18); 3.56 (AB-q, J = 12 and 4 Hz, 2H, H-19) ; 3.78 

( t , J = 9 Hz, 1H, H-17); 5.60 (d, J = 7.5 Hz , 1H, H-ll); 5.85 (d, 
J = 1.5 Hz , 1H, H-4) . 

Example 2: 19 -Bromo- 17£- hydroxy- androsta- 4 , 9 (11) -dien-3-one 

Analogously to the procedure according to Example 1, the 
title compound with a melting point of 149°C (decomposition) , 

[o?] D +20.4° (CHC1 3 , c = 0.509) is obtained when using elementary 
bromine instead of iodine in stage lc after dehydration 

(analogously to Example Id) and acid treatment (Example le) . 1 H- 
NMR (CDC1 3 , 300 MHz): 5 = 0.80 pm (s, 3H, H-18); 3.64 (s, 2H, H- 
19); 3 ..77 (t, J = 8 Hz, 1H, H-17); 5.64 (d, J = 7.5 Hz , 1H, H- 
11); 5.89 (d, J = 1 Hz, 1H, H-4). 

Example 3: 17£- ( tert-Butyldimethylsilyloxy) -3-oxo-2 'H, 5'H- 
thieno [3' ,4' :5, 10] -5fi-estr-9 (11) -ene-2' £-carboxylic acid methyl 
ester 

a. 17S- (tert-Butyldimethylsilyloxy) -19-iodo-androsta-4 , 9 (11) - 
dien-3-one (8.) 

A reaction solution that consists of 7.36 g (17.9 mmol) of 
17£-hydroxy-19-iodo-androsta-4, 9 (11) -dien-3-one, 7.48 g (110 
mmol) of imidazole and 9.72 ml (32.1 mmol) of tert- 
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butyldimethylchlorosilane (3.3 M in hexane) in 40 ml of DMF is 
stirred for 16 hours at room temperature and worked up as usual 
(Example la). 8.95 g (95% of theory) of the silyl ether is 
obtained. 1 H-NMR (CDC1 3 , 300 MHz): 6 = 0.82 ppm (s, 3H, H-18); 
0.90 (s, 9H, Si-tBu) ; 3.57 (t, J = 11 Hz , 211, H-19); 3.68 (t, J = 
9 Hz, 1H, H-17) ; 5.59 (d, J = 7.5 Hz, 1H, H-ll); 5.85 (d, J = 1.5 
Hz, 1H, H-4) . 

b. 17S- (tert-Butyldimethylsilyloxy) -3-oxo~2 ' H, 5 'H- 

thieno[3' ,4' :5,10] -5£-estr-9 (11) -ene-2 ' £ -carboxylic acid 
methyl ester 

2.92 ml (32.2 mmol) of mercaptoacet ic acid methyl ester is 
added in drops to a suspension of 1.38 g (46.1 mmol) of sodium 
hydride (80% in oil) in 92.5 ml of dimethyl formamide while being 
cooled with ice water within 3 minutes, and it is stirred for 
another 15 minutes. Then, a solution of 8.95 g (17.7 mmol) of 
17£- (tert-butyldimethylsilyloxy) -19-iodo-androsta-4 , 9 (11) -dien-3- 
one in 111 ml of DMF is added drop by drop and stirred for 3 
hours at room temperature. For working-up, it is poured into 
ice-cold saturated NH 4 -C1 solution and extracted with ethyl 
acetate. After chromatography of the crude product on silica gel 
with hexane/ethyl acetate 3:1, 7.08 g (79.2% of theory) of the 
title compound is obtained as an isomer mixture on 02 7 . 1 H-NMR 
(CDC1 3 , 300 MHz, 2 ' (R) -isomer) : 6 = 0.62 ppm (s, 3H, H-18); 0.89 
(s, 9H, Si-tBu); 3.42 and 3.68 (2d, J = 10 Hz; 1H, H-19 each) ; 
3.70 ( t , J = 9 Hz, 1H, H-17); 3.75 (s, 3H, COOMe ) ; 4.01 (s, 1H, 
H-2'); 5.83 (d, J = 7.5 Hz, 1H, H-ll). 
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Example 4 : 5- [2- (2 - Pyrimidylsulf anyl) -ethyl] -56-androst-9 (11) - 
ene-3S, 17£-diol (16) 

a. 17fi- (tert-Butyldimethylsilyloxy) -3fi-hydroxy-2 ' H, 5'H- 
thieno [3 ' , 4 ' : 5, 10] -5£-estr-9 (11) -ene-2 ' £ -carboxylic acid 
methyl ester (10 ) 

4.3 6 g (17.1 mmol) of lithium- tri- tert-butoxyaluminum 
hydride is added in portions to a solution of 3.20 g (6.34 mmol) 
of the isomer mixture, obtained under Example 3b, in 6 9 ml of THF 
while being cooled with ice water. After the addition, it is 
stirred for 3 hours at room temperature, excess reducing agent is 
decomposed by careful addition of about 15 ml of water, it is 
filtered on Celite, the filtrate is poured into about 300 ml of 
5% aqueous ammonium chloride solution and extracted with ethyl 
acetate. The crude product is chromatographed on silica gel with 
hexane/ethyl acetate 2:1 and yields 2.35 (73.1% of theory) of the 
reduction product. 

b. 3E, 17£-Bis- (tert-butyldimethylsilyloxy) -2 'H, 5'H- 
thieno [3 ' , 4' : 5, 10] -5£-estr-9 (11) -ene-2 ' £ -carboxylic acid 
methyl ester (11) 

From 2.35 g (4.64 mmol) of the reduction product that is 
obtained under 4a, 2.41 g (35.4 mmol) of imidazole and 3.14 ml 
(10.4 mmol) of a 3 . 3 M hexane solution of tert- 

butyldimethylchlorosilane in 10.2 ml of DMF, 2.67 g (92.6% of 
theory) of the silyl ether is obtained under the conditions of 
Example 2a. 
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c . 3fi, 17fi-Bis- (tert-butyldimethylsilyloxy) -2 ' H, 5' H- 

thieno [3' , 4' : 5, 10] -5S-estr-9 (11) -ene-2 ' £ -methanol (12) 
A solution of 2.67 g (4.50 mmol) of the product, obtained 
under Example 4b, in 12 . 3 ml of THF is added in drops to a 
suspension of 193 mg (5.09 mmol) of lithium aluminum hydride in 
5.4 ml of THF while being cooled with ice water. It is stirred 
for 2.5 hours while being cooled with ice water, then excess 
LiAlH 4 is decomposed by careful addition of 2 ml of water, it is 
stirred for another 3 0 minutes at room temperature, filtered on 
Celite, the filter reside is washed with THF and ethyl acetate, 
the filtrate is taken up in about 300 ml of water, and the ethyl 
acetate phase is separated. After thorough re-extraction of the 
aqueous phase with ethyl acetate, the EE extracts are combined, 
dried on Na 2 S0 4 and concentrated by evaporation. The thus 
obtained crude product (2.36 g, 100% of theory) is used without 
further purification in the next step. 

For analytical purposes, a sample of the crude product that 
consists of ethanol is recrystallized . In this way, the 2'(R)- 
isomer can be obtained in a pure state. Melting point 177°C, 
[a] D +16.3° (CHC1 3 , C = 0.516). 1 H-NMR (CDC1 3 , 300 MHz): 5 = 0.62 
ppm (s, 3H, H-18) ; 0.88 and 0.90 (2s; 9H, Si-tBu each); 2.25 and 
3.22 (2d, J =10 Hz; 1H, H-19 each); 3.65 (t, J = 9 Hz , 1H, H- 
17); 3.70 and 3.87 (2m; 1H, CH 2 OH each); 4.06 (s(br), 1H, H-3); 
4.95 (q, J = 6 and 2 Hz, 1H, H-2'); 5.59 (d, J = 7.5 Hz, 1H, H- 
11) . 
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d. 3£, 17£-Bis- (tert-butyldimethylsilyloxy) -5- (2 -hydroxy ethyl ) - 
5£-androst-9 (11) -ene (13 ) 

A suspension of 2.36 g (3.98 mmol) of the product that is 
obtained above and 10 g of Raney nickel in 92 ml of ethanol is 
refluxed for 3 hours. After cooling, the reaction solution is 
mixed with 100 ml of dichloromethane and filtered on Celite. The 
filter residue is washed thoroughly with dichloromethane. After 
the filtrate is concentrated by evaporation, a crude product of 
2.36 g, which is chromatographed on silica gel with hexane/ethyl 
acetate, remains. The main fraction yields 1.88 g (83.9% of 
theory) of the crystalline desulf urization product. 

e. 3E, 17S-Bis- (tert-butyldimethylsilyloxy) -5- (2 - iodoethyl ) -5£- 
androst-9 (11) -ene ( 14 ) 

Under the conditions of Example lc, 1.85 g (82.3% of theory) 
of the iodide is obtained from 1.88 g (3.34 mmol) of the alcohol 
that is formed under 4d, 2.24 g (8.53 mmol), 580 mg (8.53 mmol) 
of imidazole and 1.09 g (4.29 mmol) of iodine in 24.3 ml of THF 
after analogous implementation and working-up. 1 H-NMR (CDC1 3 , 
300 MHz): 5 = 0.64 ppm (s, 3H, H-18); 0.88 and 0.93 (2s; 9H, Si- 
tBu each); 0.99 (s, 3H, H-19); 3.20 and 3.42 (2m; 1H, CH 2 I each); 
3.63 (t, J = 9 Hz, 1H, H-17); 4.05 (s(br), 1H, H-3); 5.42 (d, J = 
7.5 Hz, 1H, H-ll) . 
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f . 3fi, 17£-Bis- (tert-butyldimethylsilyloxy) -5- [2- (2- 
pyrimidylsulf anyl) -ethyl] -5fi-androst-9 (11) -ene (15) 

A suspension of 111 mg (2.54 mmol) of NaH (55% in oil) in 5 
ml of DMF is stirred after the addition of 199 mg (1.77 mmol) of 
pyrimidine-2-thiol for 15 minutes at room temperature and then 
mixed drop by drop with a solution of 655 mg (0.97 mmol) of the 
iodide that is obtained above in 6 ml of THF and 6 ml of diethyl 
ether. It is stirred for 21 hours at ambient temperature, poured 
into ice-cold, saturated NaCl solution and extracted with ethyl 
acetate. After chromatography on silica gel with hexane/ethyl 
acetate 9:1, 600 mg (93.8% of theory) of the crystalline 
substitution product is obtained. 

g. 5- [2- (2-Pyrimidylsulf anyl) -ethyl] -5£-androst-9 (11) -ene- 
3E, 17S-diol (16) 

A solution of 590 mg (0.89 mmol) of the product, obtained 
under Example 4f, in 26.1 ml of THF is stirred for 8 hours at 
60°C after the addition of 2.76 g (8.74 mmol) of 

tetrabutylammonium fluoride (Bu 4 NF ■ 3 H 2 0) . After cooling, it is 
poured into saturated NaHC0 3 solution and extracted with ethyl 
acetate. After chromatography on silica gel with hexane/ethyl 
acetate 4:1 and recrystallization of the main product that 
consists of ethanol/diisopropyl ether, 250 mg (67.5% of theory) 
of the title compound with a melting point of 209°C, [a] D -27.4° 
(MeOH, C = 0.507) is obtained. 1 H-NMR (DMSO-d 6 , 300 MHz): 5 = 
0.59 ppm (s, 3H, H-18); 0.93 (s, 3H, H-19); 3.56 (m, 1H, H-17); 
3.93 (s(br), 1H, OH); 4.30 (s(br), 1H, H-3); 4.40 (m, 1H, OH); 
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5.46 (d, J = 7.5 Hz, 1H, H-ll); 7.17 ( t , J = 5 Hz, 1H, H-5'); 
8.60 (d, J = 5 Hz, 2H, H-4' and H-6' ) . 

When using the corresponding thiols, additional end products 
are obtained according to the process of Example 4: 

1 . 5- [2- (Heptylsulf anyl) -ethyl] -5fi-androst-9 (11) -ene- 
3£,17£-diol, melting point 126°C (hexane/ethyl 
acetate), [a] D +15.0° (CHC1 3 , c = 0.453). 

2 . 5- [2- [ (1-Methyl-1H- imidazole- 2 -yl) sulf anyl] ethyl] -5£- 
androst-9 (11) -ene-3£, 17£-diol, melting point 212° 
(hexane/ethyl acetate), [a] D +85.5° (CHC1 3 , c = 0.503). 
1 H-NMR (CDC1 3 , 300 MHz): 6 = 0 . 69 ppm (s, 3H, H-18); 
1.01 (s, 3H, H-19) ; 3.55 (s, 3H, Nme) ; 3.74 (t, J = 8 
Hz, 1H, H-17) ; 5.48 (m, 1H, H-ll); 6.87 (d, J = 0.5 Hz, 
1H, imidazole-H) ; 7.00 (d, J = 0.5 Hz, 1H, imidazole- 
H) . 

3 . 5- [2- (Benzothiazole-2-yl) -sulf anyl] - 5fi-androst- 9 (11) - 
ene-3fi,17fc-diol, [or] D +99.0° (CHC1 3 , c = 0.5). 1 H-NMR 
(CDC1 3 , 300 MHz): 5 = 0.69 ppm (s, 3H, H-18); 1.01 (s, 
3H, H-19); 4.18 (s, 1H, H-3); 5.50 (m, 1H, H-ll); 7.27 
(dd, J = 7.5 and 8 Hz, 1H, arom.-H); 7.41 (dd, J = 7.5 
and 8 Hz, 1H, arom.-H); 7.73 (d, J = 7.5 Hz, 1H, arom. - 
H) ; 7.88 (d, J = 7.5 Hz, 1H, arom.-H). 

4 . 5- [2- (Thiene-2-yl) -sulfanyl] ethyl-5£-androst-9 (11) -ene- 
3S,17£-diol, melting point 156°C [or] D +3.0° (CHC1 3 , c = 
0.47). 1 H-NMR (CDC1 3 , 300 MHz): 5 = 0.65 ppm (s, 3H, 
H-18); 0.99 (s, 3H, H-19); 2.75 (m, 1H , CH 2 S ) ; 3.08 (m, 
1H, CH 2 S) ; 3.72 (t, J = 8 Hz, 1H, H-17); 4.06 (s (br) , 
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1H, H-3); 5.45 (m, 1H , H-ll); 6.95 (dd, J = 4 and 7 Hz, 
1H, thienyl-H); 7.12 (dd, J = 1 and 4 Hz, 1H, thienyl- 
H) ; 7.32 (dd, J = 1 and 7 Hz, 1H, thienyl-H). 

Example 5 : 5-Ethyl-5£-androst-9 (11) -ene-3fi, 17£-diol 

A solution of 2.25 g (3.34 mmol) of 3£, 17S-bis- (tert- 
butyldimethylsilyloxy) -5- (2 ~iodoethyl-5S-androst-9 (11) -ene 
(Example 4e) is heated to 80°C after the addition of 50 mg of 
azobisisobutyronitrile and mixed drop by drop with 2 ml of 
tributyltin hydride. It is stirred for another 60 minutes at 
80°C and poured after cooling into 150 ml of a 5% aqueous sodium 
fluoride solution. The crude product that is obtained after 
extraction with ethyl acetate is treated with tetrabutylammonium 
fluoride in THF under the conditions of Example lg. After 
chromatography, 720 mg (67.8%) of the title compound with a 
melting point of 165°C (hexane/ethyl acetate) is obtained. [a] D 
+ 18.8° (CHC1 3 , c = 0.493). 

Example 6 s 3£, 17£-Dihydroxy- 5fi-androst- 9 (11) -ene-5- 
propanenitrile 

a. 3£, 17£-Bis- (tert-butyldimethylsilyloxy) -5£-androst-9 (11) ene- 
5 -propanenitrile 

A suspension of 2.23 g (3.31 mmol) of 3S, 17E-bis- {tert- 
butyldimethylsilyloxy) -5- (2-iodoethyl) -5fi-androst-9 (11) -ene 
(Example 4e) and 948 mg (15.11 mmol) of KCN in 48 ml of DMF is 
stirred for 36 hours at 60°C under argon. After cooling, it is 
poured into ice-cold IN NaOH solution and extracted with 



dichloromethane . After chromatography of the crude product on 
silica gel with hexane/ethyl acetate, 1.56 g (75.5% of theory) of 
the nitrile with a melting point of 194-195°C (hexane) , [ot] 
+15.0° (CHC1 3 , c = 0.5), is obtained. 

a . 3£, 17£-Dihydroxy-5£-androst-9 (11) -ene-5-propanenitrile 

A solution of 300 mg (0.52 mmol) of the nitrile above in 3 0 
ml of THF is stirred for 2 hours at 60°C after the addition of 
2.67 g (10.3 mmol) of tetrabutylammonium fluoride and worked up 
under the conditions of Example lg. After crystallization from 
hexane/ethyl acetate, 140 mg (77.8%) with a melting point of 
203°C, [a] D +20.9° (CHC1 3 , c = 0.496), is obtained. 1 H-NMR (CDCl 3 , 
300 MHz): 5 = 0.69 ppm (s, 3H, H-18); 1.01 (s, 3H, J-19); 2.52- 
2.75 (m, 2H, CH 2 CN) ; 3.73 (t, J = 8 Hz, 1H, H-17) ; 4.10 (s(br), 
1H, H-3); 5.48 (m, 1H, H-ll) . 

Example 7 : 17£ - Hydroxy- 6&, 19-cycloandrosta-4 f 9 (11) -dien-3-one 

a. 17£- (tert-Butyldimethylsilyloxy) -6£, 19-cycloandrosta- 
4, 9 (11) -dien-3-one (18) 

A suspension of 650 mg (14.9 mmol) of NaH (55% in oil) in 30 
ml of DMF is mixed at room temperature drop by drop with a 
solution of 3.00 g (5.70 mmol) of 17£- ( tert-butyldimethylsilyl- 
oxy) -19-iodo-androsta-4 , 9 (11) -dien-3-one (8.) in 35 ml of DMF and 
6.5 ml of diethyl ether. It is stirred for 2.5 hours at 25°C, 
then poured into ice-cold, saturated MaCl solution and extracted 
with ethyl acetate. After chromatographic purification, 1.98 g 



(79.2% of theory) of crystalline 17E- ( tert -butyldimethylsilyl- 
oxy) -6£, 19-cycloandrosta-4 , 9 (11) -dien-3-one is obtained. 

b. 17£-Hydroxy-6£, 19 -cycloandrosta-4 , 9 (11) -dien-3-one (19) 
A solution of 680 mg (1.33 mmol) of the product that is 
obtained above and 4.09 g (13.0 mmol) of tetrabutylammonium 
fluoride (Bu 4 NF ■ 3 H 2 0) is stirred for 2 hours at 60°C. After 
working-up analogously to Example 3g and chromatography of the 
crude product on silica gel with ethyl acetate, 370 mg (97.8% of 
theory) of the title compound is obtained. Recrystallization of 
a sample that consists of hexane/ethyl acetate yields colorless 
crystals with a melting point of 176-179°C / [o?] D -232.9° (CHC1 3 , 
c = 0.502). 1 H-NMR (CDC1 3 , 300 MHz): 5 = 0.80 ppm (s, 3H, H- 
18); 3.78 (t, J = 9 Hz , 1H, H-17); 5.60 (m, 2H, H-4 and H-ll). 

Example 8 : 6£, 19 -Cycloandrost-4 , 9 (11) -diene-3 , 17-dione 

A solution of 450 mg (1.58 mmol) of the alcohol that is 
obtained under Example 7b is mixed drop by drop with 0.98 ml of 
Jones reagent while being cooled with ice water, and it is 
stirred for 60 more minutes at room temperature. Then, it is 
poured into 5% aqueous sodium thiosulfate solution and extracted 
with ethyl acetate. After chromatography on silica gel and 
crystallization from hexane/ethyl acetate, 138 mg (30.9%) of the 
ketone with a melting point of 139°C, [01] D -109.2° (CHC1 3 , c = 
0.511), is obtained. ^H-NMR (CDCl 3 , 300 MHz): 6 = 0.95 ppm (s, 
3H, H-18) ; 3.33 (t, J = 6 Hz, 1H, H-6); 5.64 (m, 2H, H-4, H-ll). 
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Claims : 

1. 17£-Hydroxy-19-halogen-androsta-4, 9 (11) -dien-3-ones of 
general formula I, 




in which X = a halogen radical or a radiohalogen radical. 

2 . 17£-Hydroxy-19-halogen-androsta-4 , 9 (11) -dien-3-ones 
according to claim 1, characterized in that X = Br, I, 125 I, 131 I, 
82 Br or 77 Br. 

3 . l7£-Hydroxy-19-halogen-androsta-4 , 9 (11) -dien-3-ones 
according to one of claims 1 or 2 , characterized by 

17£-Hydroxy-19-iodo-androsta-4 , 9 (11) -dien-3-one, 
l7£-Hydroxy-l9- 125 iodo-androsta-4 , 9 (11) -dien-3-one or 
19-Bromo-17£-hydroxy-androsta-4 , 9 (11) -dien-3-one. 

4. Process for the production of 17£-hydroxy-19-halogen- 
androsta-4 , 9 (11) -dien-3 -ones of general formula I according to 
one of claims 1 to 3 , wherein starting from 3 , 3 - (2 , 2 -dimethyl - 
trimethylenedioxy) -10£-f ormyl-androst-9 (11) -ene-5a?, 17S-diol 

a) The C-l7£-hydroxy group is protected by silylation, 

b) The lOfi-formyl group is reduced to the C- 19 -hydroxy 
compound, 



31 -O'O =A 3, '31 
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c) The thus produced 17S- silylated-3 , 3 - (2 , 2 -dimethyl - 
trimethylenedioxy) -androst-9 (11) -ene-5or, 19-diol is 
reacted with elementary halogen or radiohalogen, 
selected from Br or I, to form 17£-silylated-3 , 3- (2 , 2- 
dimethyl- trimethylenedioxy) - 19 -halogen- androst - 9 (11) - 
en-5ce-ol , 

d) Water is cleaved off, and 

e) The thus produced isomer mixture that consists of 17£- 
silylated-3 , 3- (2 , 2 -dimethyl- trimethylenedioxy) -19- 
halogen-androsta-5 , 9 (11) -diene and 17S- silylated-3 , 3- 
(2 , 2 -dimethyl -trimethylenedioxy) - 19 -halogen-androsta- 

4 , 9 (11) -diene is mixed with a strong protonic acid for 
the formation of target compounds I. 

5. Process according to claim 4, wherein the reduction to 
the C- 19 -hydroxy compound is carried out with sodium borohydride, 
lithium aluminum hydride or diisobutyl aluminum hydride. 

6. Process according to claim 4 or 5, wherein the halogen 
or radiohalgen is added in a small excess. 

7. Process according to one of claims 4 to 6, wherein the 
dehydration is carried out under standard conditions, preferably 
with thionyl chloride/pyridine . 

8. Process according to one of claims 4 to 7, wherein 
trif luoroacetic acid, sulfuric acid or methanesulf onic acid is 
used as a strong protonic acid. 

9. Use of the compounds of general formula I according to 
one of claims 1 to 3 as a diagnostic agent. 
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10. Use according to claim 9 for graphic visualization of 
the prostate and for early detection of pathophysiological 
changes . 

11. Use of the non-labeled compounds of general formula I 
according to one of claims 1 to 3 as starting products for the 
production of 5£-subst ituted androst - 9 ( 11) -enes of general 
formula II with radical R in the meaning of: R = - (CH 2 ) n -CH 2 -R 1 , 
- (CH 2 ) n -CH 2 -OR\ - (CH 2 ) n -CH 2 -OCOR 1 , - ( CH 2 ) n - CH,- SR 1 , - (CH 2 ) ^CI^-NR'r 2 , 
-(CH 2 ) n -CHO, -(CH 2 ) n -CN, in which n can assume the values of 0-5, 
and radicals R 1 and R 2 , independently of one another, stand for 
hydrogen or a straight -chain or branched, saturated or 
unsaturated hydrocarbon radical with up to 18 C atoms, whereby 
this radical optionally can contain additional functional groups 
and carbocyclic or heterocyclic ring elements. 




12. Compounds of general formula II with radical R in the 
meaning of: R = - (CH 2 ) n -CH 2 -R 1 , - (CH 2 ) n ~CH 2 -0R 1 , - (CH 2 ) n -CH 2 -OCOR 1 , 
" (CH 2 ) n -CH 2 -SR 1 , - (CH 2 ) n -CH 2 -NR 1 R 2 / -(CH 2 ) n -CHO, - (CH 2 ) n -CN, in which 
n can assume the values of 0-5, and radicals R 1 and R 2 , 
independently of one another, stand for hydrogen or a straight- 
chain or branched, saturated or unsaturated hydrocarbon radical 



30 

» 

with up to 18 C atoms, whereby this radical optionally can 
contain additional functional groups and carbocyclic or 
heterocyclic ring elements. 




II 

13. Process for the production of 515-substituted androst- 
9 (11) -enes of general formula II according to claim 12 by 
reaction of a compound of general formula I to form 17£-silyl 
ether la and further reaction with mercaptoacet ic acid methyl 
ester for the formation of 17£- silylated- 3 -oxo-2 ' H , 5 ' H- 
thieno [3',4':5,10] ~5fi-estr-9 (11) -ene-2 ' £ -carboxylic acid methyl 
ester, which then is reacted according to processes that are 
known in the art analogously to Diagram 2 to form the target 
compounds of Formula II . 

14. Use of the compounds of general formula II according to 
claim 12 for treatment of androgen-dependent diseases . 

15. Use of the non- labeled compounds of general formula I 
according to one of claims 1 to 3 as starting products for the 
production of 6S, 19 - cycloandrostadienes of general formula III, 
in which X = O or the grouping 17&-0R, I7a-H, with R in the 
meaning of H , Cl -CIO - alkyl , Cl-ClO-acyl, whereby the acyl radical 
is derived from an aliphatic or aromatic carboxylic acid. 



JL is C.v Jl .i, O y -O jfii Cfr 
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16. 6£, 19-Cycloandrostadienes of Formula III 




[H 



in which 

X = O or the grouping 17E-0R, lla-R, with R in the meaning 
of H, Cl-ClO-alkyl, Cl-ClO-acyl, whereby the acyl radical is 
derived from an aliphatic or aromatic carboxylic acid. 

17. Process for the production of the 6S,19- 
cycloandrostadienes of Formula III according to claim 16, wherein 
a compound of general formula I is reacted to form 17fi-silyl 
ether la and the latter is treated with a non-nucleophilic base 
in a solvent, and then the silyl ether is further cleaved off 
while a cyclosteroid of general formula III is obtained, and the 
latter then is optionally converted by standard processes, such 
as esterif ication, etherif icat ion, oxidation, into further 
compounds of general formula III. 



■ii! /O C i3 - 1 :1 =>. 1> 5" i'i P. O E ' 
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18. Process according to claim 17, wherein it is treated 
with sodium hydride, triethylamine , fluoride as a non- 
nucleophilic base . 

19. Process according to claim 17 or 18, wherein the base 
treatment is carried out in an aprotic solvent. 

20. Process according to claim 19, wherein the aprotic 
solvent is THF or DMF . 

21. Use of the 6fi, 19-cycloandrostadienes of general formula 
III according to claim 16 as an aromatase inhibitor and 5a- 
reductase inhibitor . 

22. 17E-Silyl ether of general formula la 

O-silyl group 




la 



in which X = halogen, selected from Br or I . 

23. 17£-Silyl ether according to claim 22, characterized by 
the 17S- (tert-butyltrimethylsilyloxy) -19-halogen-androsta- 
4 , 9 (11) -dien-3 -ones , preferably 

17S- (tert-butyltrimethylsilyloxy) -19-iodo-androsta-4 , 9 (11) - 
dien-3 -one, 

17fi- (tert-butyltrimethylsilyloxy) - 19 -bromo-androsta-4 , 9 (11) - 
dien-3 -one . 
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